largely predictive of a fracture pattern, with MVAs and gunshot wounds contributing to a higher portion of panfacial fractures, sports accidents leading to upper midface fractures, and assault most commonly leading to mandibular fractures.
The advances in automotive safety technology, such as safety belts, have been shown to reduce the incidence of facial fractures and lacerations, whereas non-use of current safety features increases the risk of sustaining facial fractures and panfacial fractures. 2, 3 In addition, the aging population has led to a higher proportion of facial fractures resulting from falls.
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Classification of Facial Fractures
In the most basic terms, fractures can be described as either simple or complex, where the former involves only a single anatomical subunit, whereas the latter composes multiple units with well-described patterns. There are many classification schemas when considering facial fractures, but one of the most useful is the Duke classification system. 5 This hierarchical system aids in the standardization of fracture terminology and is most useful when there are concomitant, complex facial fractures. As it is hierarchical, lower-order fractures should be described first and any fracture that is included in a recognized fracture pattern should not be listed separately. The hierarchy is listed in ►Table 1.
Orbital Fractures Classification
Four general types of orbital fractures exist: orbital roof fractures, lateral orbital wall fractures, medial orbital wall fractures, and orbital floor fractures. When reporting orbital roof fractures, the affected side, the herniation of orbital contents, and the degree of rim involvement should be described. Lateral orbital wall fractures are rare and should not be listed when part of a zygomaticomaxillary complex (ZMC) fracture or LeFort III hemifracture. Medial orbital wall fractures may have comminution into the rim, lacrimal bone, or orbital floor/roof involvement and as such should be listed. These can occur in isolation, or as a part of a naso-orbito-ethmoid (NOE) fracture. When describing orbital floor fractures, be sure to note the involvement of the infraorbital nerve and the degree of comminution. Also important is the percentage of the orbital floor that is involved in the fracture and herniation of orbital contents into the maxillary sinus. ►Figs. 1-3 illustrate the common radiographic findings of orbital floor fractures.
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Abstract
Facial fractures are a common source of emergency department consultations for the plastic surgeon. A working understanding of evaluation, assessment, management, and prevention of further injury when dealing with these fractures is vital. This two-part series detailing the management of midface fractures serves as a guide for the appropriate workup and management of the wide variety of fracture patterns that are commonly encountered.
Physical Examination
Like any other physical examination, the examination of the orbit and surrounding structures should be systematic in nature. Documentation is critical, especially of pretreatment visual acuity. If available before the examination is undertaken, examine radiographs for the guidance of structures that may be involved. Exposure is critical, and as such, dried blood and dirt should be cleaned from the area. Begin the examination with the ocular exam. Check for visual acuity, red-light desaturation, and ocular motility. Snellen eye charts are widely available on mobile phone applications and are a "must-have" for the plastic surgeon. Light and red perception can be tested by shining a flashlight between the first web space and asking the patient if she or he perceives the light as red. Motility can be assessed by asking the patient to follow the examiner's finger and moving the finger in an H-shaped pattern 1 to 2 feet from the patient. If motility is impaired, an orbital fracture should be suspected. A limitation or subsequent diplopia in vertical gaze may suggest either inferior rectus muscle entrapment (upward gaze) or superior rectus muscle entrapment (downward gaze).
Periorbital edema, ecchymosis, and subconjunctival hemorrhage are seen with most orbital fractures. Enophthalmos may suggest a ZMC fracture or any orbital wall fracture. The contour of the orbital rim should be assessed for any stepoffs or crepitus. Infraorbital nerve anesthesia prior to the use of a local anesthetic suggests infraorbital nerve compromise and/or an orbital floor fracture. It is vital to check and document for nerve function prior to administering local anesthetic. The medial canthal tendons (MCT) should be assessed; if involved, it may suggest a NOE fracture. 
Surgical Indication
Exposure
The approach of the orbit depends on the anatomical subunit needing repair. The superior orbit can be accessed using either the supraorbital or upper eyelid approaches; the inferior orbit and maxilla may be approached using the transconjunctival or transcutaneous lower eyelid approach. See ►Table 3 for a comparison of approaches. Trapdoor phenomenon A pediatric condition in which an orbital floor fracture leads to entrapment of the inferior rectus muscle leading to ocular dysmotility, bradycardia, nausea, and syncope resulting from the oculocardiac reflex.
Emergent reduction or orbital contents and reconstruction of the orbital floor Symptomatic orbital emphysema Central retinal artery occlusion resulting from rising intraorbital air pressure. Patients will experience pain, ocular dysmotility, and visual disturbances.
Needle aspiration for symptomatic rising intraocular pressures. Nose blowing precautions before treatment.
Whichever access is chosen for the orbital floor, the steps are similar once the orbital floor is reached. When reconstructing an orbital floor, elevate the periorbital contents circumferentially from the defect in the floor and identify a stable shelf adjacent to the defect upon which an implant or graft can be placed. When dissecting, be sure to avoid extending in a posterior plane without extending superiorly; otherwise, one runs the risk of violating the maxillary sinus. Once the borders of the fracture are clearly identified, an implant of adequate size must be placed to restore the borders of the orbit (►Figs. 2-3). Note that the fracture is not reduced in this case so reconstruction of an orbital floor is a better term to use than reduction.
In accessing the orbital rims, develop an orbital exposure early so that delicate structures can be dissected carefully. When restoring medial and lateral buttresses, the orbital floors and walls are usually the last to be repaired. In addressing the lateral orbital wall, which is formed by the zygomatic and sphenoid bones, zygoma displacement may cause appreciable changes in globe position. Proptosis will result if the zygoma is medially displaced and retrodisplacement of the globe will result if the zygoma is displaced laterally or posteriorly.
Medial orbital walls generally are not accessed unless they are injured in a NOE fracture. The orbital roof is often displaced inferiorly leading to proptosis. Correction of this defect often requires an intracranial approach, and other injuries leading to a persistent cerebrospinal fluid (CSF) leak may necessitate concomitant neurosurgery intervention.
When there is significant comminution, the bony defect may need to be repaired using either a graft or alloplastic materials. Autologous bone is best for large orbital defects adjacent to the ethmoidal and maxillary sinuses as alloplastic implants are more likely to get infected in this area. Alloplastic materials include titanium mesh, porous polyethylene, and a combination titanium mesh with a porous polyethylene coating that allows for easier implantation and malleable shaping.
8 Silastic (Dow Chemical Company)
should be used with caution as the extrusion rate is high.
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When using alloplastic materials, the implant should be sized appropriately, secured with as few fixation points as necessary, and contoured to fit the defect. The posterior aspect of the implant should be shaped to match the convex nature of the posterior orbital floor to prevent late enophthalmos. After the implant has been fixed in place, a narrow elevator is placed below the implant to ensure the posterior aspect of the implant is superior to the posterior shelf. The two globes are then compared; the corrected globe should have a greater anterior projection compared with the unoperated side to account for surgical swelling. Before closing, a forced duction test is necessary to check for extraocular muscle entrapment.
During the closure, if a lateral canthotomy was performed, the suture canthoplasty is placed on the inner aspect of the orbital rim periosteum at the level of the upper lid with a 4-0 Vicryl (Ethicon, Inc.) suture.
7 A Frost suture can be used to support the lower lid.
Postoperative Course, Complications, and Follow-Up
After the procedure, visual acuity is monitored, and corneal protection is maintained. Before being discharged, the patient should be instructed to avoid nose-blowing for 10 days and to avoid airline travel, scuba diving, or any other activity that involves changes in air pressure for 6 weeks to prevent air embolization. Nonsteroidal anti-inflammatory drugs are not recommended for 1 week after the surgery. Currently, there is no evidence suggesting that postoperative steroids are needed. The diligent use of motility exercises is recommended. Two to 5 days after the operation, the patient should return for removal of the Frost suture, a thorough eye examination, and a check for lower lid retraction. If retraction is encountered, a piece of tape should be applied to the lower lateral lid and retracted to the temple along with vigorous lid massage and forced lid closure exercises. If the retraction is not mitigated with these measures, perform a transconjunctival release of the middle lamella. Further follow-up should take place 4 and 8 weeks after the injury with long-term follow-up to 12 months after the injury.
Nasal Fractures Classification
Nasal fractures are the most common facial fractures.
1 Any fracture that involves the nasal bones, septum, or the nasal process of the maxillary process is considered a nasal fracture. Unlike many of the other facial fractures, there is no uniform classification system, but a nasal fracture can be approached as a bony, cartilaginous, or mixed injury.
Evaluation
The examiner should evaluate for epistaxis, CSF rhinorrhea, swelling, nasal airway obstruction, septal deviation, septal hematoma, and telecanthus. A thorough evaluation of the nose and nasal cavity is often difficult due to extensive swelling and bleeding. Ice may be applied to the swollen areas. Introduce vasoconstrictor sprays into the nares and apply bilateral external pressure to stop bleeding. If these measures have not achieved hemostasis after 15 minutes, tamponade packing will likely be required. When an isolated nasal fracture is highly suspected, radiography is usually not indicated; however, with the ubiquitous presence of CT scanners, this is unlikely to be the case. A CT scan can be used to guide surgical reduction of the fracture. It is also possible to spot a septal hematoma on a CT scan, but a physical exam remains imperative for this diagnosis.
Surgical Indication
The most common indications for the operative intervention of nasal fractures include septal hematomas, nasal deformity, and nasal obstruction. Airway obstruction is more likely in bilateral fractures and septal displacement.
10 Septal hematomas must be treated urgently; otherwise, the hematoma may lead to destruction of the septum and a saddle nose deformity. When discussing the need for surgery with the patient, it is important to consider the mechanism of injury and how likely it is to happen again. For instance, participants in sparring sports are more likely to have recurrent injuries; the goals of reconstruction should therefore be discussed. If the fracture is to be repaired, it is best repaired within 7 days, with a maximum delay of 14 days. If the fracture is not severe, it can be reduced using a closed technique. Closed reduction of nasal fractures can be accomplished using either local or general anesthesia; however, some suggest that general anesthesia may enhance patient satisfaction of the appearance of the nose. There is no difference in anesthesia modalities when considering the need for retreatment.
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Pledgets soaked with 0.025% oxymetazoline (Afrin, Bayer, Inc.) and 1% tetracaine are introduced into the nasal cavity. After 15 minutes, the area is anesthetized using bilateral infraorbital nerve blocks and bilateral supratrochlear nerve blocks with 1 to 3 mL of 1% lidocaine with 1:100,000 epinephrine. The pledgets are then removed. A Goldman or Boise elevator is placed externally along the nose to measure the distance from the alar rim to the nasion, reducing the likelihood of injury to the cribriform plate. Once done, the elevator should be placed into the nasal cavity against the septum on the side with the concave deformity. The fracture is reduced with the opposite hand, guiding the pieces into alignment. If this is not successful or if it is overcorrected, the process can be completed on the opposite side.
Cartilaginous and septal injuries can be corrected in either an open or closed fashion. First, any septal hematoma must be addressed with a unilateral horizontal mucosal incision at the base of the hematoma and left open to drain. Anterior septal injuries are more likely to require intervention as they may affect the projection of the nose and are more likely than posterior septal injuries to cause obstruction.
Open reduction is best saved for complex nasal bone injuries with severe deviation, significant lacerations, tissue avulsion, acute saddling, and open compound fractures. The injury site can be exposed using either an open septorhinoplasty approach or coronal approach of an overlying laceration. The defect is corrected from proximal to distal. Miniplates and screws are used to anchor free segments at the nasofrontal suture line and the nasal process of the maxilla. If the upper lateral cartilages are avulsed, drill small holes into the nasal bone and use 5-0 clear nylon to secure the cartilage segments.
Postoperative Course, Complications, and Follow-Up
After reduction, external splints and nasal packing are left in place for 5 to 7 days, and cephalexin or amoxicillin should be used for antibiotic prophylaxis. Pain is typically controlled using nonsteroidal anti-inflammatory drugs, ice, and elevation. An oxymetazoline spray could be recommended for the treatment of epistaxis, but the patient must be cautioned to avoid using it for more than 3 days to avoid rhinitis medicamentosa. A nasal spray should be used every 2 hours with thrice daily nasal irrigation with normal saline. The packing is removed within 1 week after the surgery.
Zygomaticomaxillary Complex Classification
Essential to the understanding of ZMC fractures is that the zygoma has four articulations that can be disrupted. If only one of the frontal, maxillary, sphenoid, or temporal articulations is disrupted, then the fracture is not a true ZMC fracture. Commonly, a radiology report will read "orbital floor fracture, lateral orbital wall fracture, zygomatic arch fracture, and anterior maxilla fracture" when the true classification is simply a ZMC fracture. 12 Fractures of the zygomatic arch can be a component of a LeFort pattern, a ZMC fracture, or as an isolated arch fracture. Similarly, fractures at the zygomaticofrontal (ZF) suture can be one part of a more complex LeFort pattern fracture. Ever since Zingg et al first classified zygomatic fractures, there have been many more attempts to create a classification scheme that would guide discussion and treatment; however, a uniform classifications system has yet to be established. 13, 14 It is our preference to include the degree of comminution and displacement at each of the fracture sites when describing the fracture. ►Figs. 4-6 demonstrate radiographic findings in isolated zygoma and ZMC fractures.
Evaluation
The physical examination should proceed in a systematic fashion starting with a thorough examination of the eye as previously stated. Care again must be taken to evaluate for entrapment, dystopia, and enophthalmos. Bony step-offs can sometimes be palpated at the orbital rims, arch, or maxillary buttress. Swelling can sometimes make this difficult to assess. The lack of bony tenderness at fracture sites suggests that the fracture may not be acute. Numbness in the infraorbital nerve distribution can be seen, as well as neurapraxia of the facial nerve where it passes over the zygomatic arch. A standard maxillofacial CT will confirm the diagnosis and guide operative intervention. Once the edema subsides, there may be a loss of malar projection or a widening of the transverse facial width. A fracture at the zygomatic arch is rarely a functional problem. In the rare event that the fracture segment interferes with the motion of the coronoid process, this can manifest as trismus and be an indication for surgery. The cosmetic deformity from a zygomatic arch fracture is related to the projection of the malar eminence.
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Operative Intervention
Operative intervention is indicated for cosmetic deformity, enophthalmos, entrapment, dystopia, or other indications for an orbital floor fracture. It should be noted that even though a fracture appears small on the initial CT, it can grow significantly if just one other component is reduced. 16 An isolated zygomatic arch fracture can be treated with a Gillies approach, a Keen intraoral approach, or a percutaneous hook. 17 The Gillies approach starts two fingerbreadths Fig. 4 Isolated zygomatic arch fracture. The patient had a closed reduction through a Gilles approach. superior to the zygoma and posterior to the hairline. Dissection is continued down until the plane between the deep portion of the deep temporal fascia and the temporalis muscle is reached. The periosteal elevator is then advanced to the depressed segment of the fracture, and used to reduce the fracture. When the arch is to be accessed for a full ZMC fracture, it is more commonly accessed via an intraoral approach that also allows access to the zygomaticomaxillary (ZM) and zygomaticosphenoid (ZS) sutures. The approaches to the orbital floor and inferior orbital rim are discussed above. The lateral orbital rim can be accessed through a lateral brow incision, lateral blepharoplasty incision, or an extension of the lower eyelid incision.
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Typically, five points must be evaluated, including the ZF suture, the infraorbital rim, the ZM buttress, the zygomatic arch, and the lateral orbital wall. Once the fractures are exposed, the next step is to achieve reduction. The lateral orbital wall is generally thick and not comminuted; as such, the ZS suture is a reliable marker for obtaining adequate reduction of the whole complex. Of course, if all fractures are open, each should be assessed for good reduction prior to fixation. The Carroll-Girard screw can be used to joystick the whole zygoma in difficult cases; however, care must be taken not to create an avulsion fracture using this tool in those who have bad bone stock (children or the elderly). The orbital floor should be reconstructed last as the size of the defect may grow or shrink with a reduction of the other components.
The amount of fixation that is required depends on the quality of the remaining bone. It is recommended that at least three points of fixation are needed for stability without rotation. The maximum amount of fixation includes a plate at the inferior orbital rim, more inferiorly at the ZM suture, the ZF suture, and the zygomatic arch. The thin skin of the midface only allows for 1.3-mm plates on the orbital rims and a 2.4-mm plate on the zygomatic arch. Larger plates increase the risk of the patient being able to palpate them. 19 In children who still have the potential to grow, absorbable plates may be considered to avoid future removal. Suspension of the midface to the orbital rim at the time of closure is vital to ensure an optimal result. Failing to accomplish this step can lead to ectropion and also signs of aging in the affected half of the face. Frost sutures can also help during the initial period of swelling.
Postoperative Course
Routine postoperative use of antibiotics is not recommended by the senior author. Frost sutures are generally removed at 2 to 5 days. Postoperative imaging is obtained if there are any concerns, but is not ordered routinely. Generally, patients are started on a full liquid diet for 1 week, with advancement to a soft diet for 3 weeks. A regular diet is tolerated after 1 month.
Naso-Orbital-Ethmoid Fractures Classification
Naso-orbital-ethmoid fractures require a high-velocity direct blow to the upper midface, with the most likely etiologies being MVAs and assault. These forces create five separate fractures: the lateral nose, the inferior orbital rim, the medial orbital wall, the nasomaxillary buttress, and the frontal process of the maxilla.
The most widely accepted classification system of NOE fractures was developed by Markowitz et al and is useful in determining the need for intervention, exposure, and fixation techniques. 20 Type I fractures are composed of a single large bone fragment with an intact medial canthus (►Fig. 7). The MCT is attached to a comminuted bone fragment in type II fractures. Type III fractures occur when the MCT is avulsed from the lacrimal fossa and bone segment.
Physical Exam and Imaging
Naso-orbital-ethmoid fractures can be appreciated as the posterior displacement of the nasal pyramid or a loss of dorsal nasal support with frank CSF rhinorrhea, telecanthus, periorbital edema and ecchymosis, orbital step-offs, and instability of the canthal tendon. If the examiner is able to elicit crepitus or instability of the canthal tendon with a squeezing pressure between the forefinger and thumb, surgery is indicated. Alternatively, the stability of the MCT can be assessed with intranasal insertion of a Kelly clamp with the tip abutting the medial orbital rim, just above the MCT. Pressure is applied to the Kelly clamp and if instability of the MCT is felt by the contralateral index finger over the area, surgery is indicated. Cerebrospinal fluid rhinorrhea necessitates evaluation by neurosurgery and significant involvement of the orbit necessitates ophthalmology consultation. Considering the substantial degree of force necessary for NOE fractures and the high likelihood of concomitant fractures, a thorough evaluation of the midface and mandible should follow to evaluate for other fractures.
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Axial and coronal CT imaging are imperative to evaluate the degree of comminution and the degree of displacement 
Surgical Intervention
The surgical correction of NOE fractures is indicated to correct telecanthus, shortened palpebral fissures, nasal airway obstruction, and a soft tissue contour defect of the nasal sidewalls. Four guiding principles should be used when correcting the nasal deformity of a NOE fracture: the rigid fixation of the nasal pyramid and restoration of nasal height and length, the restoration of tip projection, the septal reduction/reconstruction, and the lateral nasal wall augmentation. 22 When correcting the defect, the key is overcorrection of the intercanthal distance as undercorrection is difficult to overcome.
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Type I fractures exhibiting no movement on physical exam or showing no evidence of displacement on CT imaging do not require surgical intervention. If indicated, type I fractures can be treated by plate-and-screw fixation of the bony fragments to the adjacent bone. Inferior stabilization can be achieved using a four-hole plate across either the frontal process of the maxillary bone or the inferior rim. 23 If there is displacement of the superior aspect of the fracture, the angular process should be stabilized to the nasal process of the frontal bone with a three-hole plate. Type II fractures involve comminution of the fracture (►Fig. 8) and a more challenging dissection; a wider exposure is necessary that can be accomplished using coronal, lower eyelid, and upper gingival buccal incisions. Typically, these fractures require the adjunct usage of miniplate fixation and transnasal wiring. For the wiring, two vertical holes are made anterior to the MCT insertion with 5 mm between each hole. This is repeated on the contralateral side. A 28-gauge wire is passed between these holes and the wire is twisted in the midline until reduction is achieved (►Fig. 9). The transnasal reduction is augmented and stabilized using miniplate fixation at the internal angular process of the frontal bone.
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Correction of type III fractures will typically involve the combination of miniplate fixation and transnasal wiring. Avulsion of the MCT requires reinforcement with wire to the medial orbital wall. Because the central fragment is not likely to have enough surface area for the vertical drill holes for the transnasal wiring, a bone graft should be used from either the medial orbital rim segment or the parietal skull. After properly situating the bone graft, a 4-mm horizontal incision at the eyelid commissure should be made and 3-0 braided suture should be brought through the incision to secure the lateral aspect of the MCT using a modified Kessler stitch. Transnasal wiring should be done as previously described for type II fractures and the suture is connected to the wire. Once again, microplates can be used for reinforcing the reduction.
Postoperatively, an external soft tissue bolster should be placed over the medial canthal valley for 1 week to ensure proper soft tissue contour. If this is neglected, serous fluid accumulation will obliterate the soft tissue contour and yield suboptimal results. Other pitfalls that must be avoided include limited exposure, poor reduction and stabilization, mishandling of the medial canthi, failure to restore nasal contour and projection, and loss of soft tissue contour around the medial canthi. 
Follow-Up
As the mechanism of injury typically results in concomitant injuries, follow-up should be multidisciplinary with other surgical services. Before discharge, the patient should be instructed on proper bolster dressing care and return in 1 week for removal. Subsequently, the patient should return regularly postoperatively for evaluation.
Conclusion
Facial fractures are one of the most common emergency room consultations for the plastic surgeon; as such, a thorough understanding of the regional anatomy, proper physical exam protocols, imaging findings and descriptions, and management is necessary. These guiding principles may serve as a foundation for a more in-depth study of the complex fracture patterns.
